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Assigning a heel height markinyg to the shoe, the heel height marking represents a heel
height of the shoe.

1

Assigning a position signal to the heel height marking.

i

N

Transmitting a value of the heel height marking to the control device.

l

Adjusting the heel height at least partially based on the heel height marking.

i

¥

Comparing, with the control device, the value of the heel height marking with detected
position data from the at [east one position sensor,

l

Emittintg a copnfirmation signal with the output device when the position signal
assigned to the heel height marking matches with the detected position data,
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Assigning a heel height marking to the shoe, the heel height marking represents a heel
height of the shoe.

Assigning a position signal to the heel height marking.

Transmitting a value of the heel height marking to the control device.

Adjusting the heel height at least partially based on the heel height marking.

Comparing, with the control device, the value of the heel height marking with detected
position data from the at least one position sensor.

Emitting a confirmation signal with the output device when the position signal
assigned to the heel height marking matches with the detected position data.

FiG. 12
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METHOD FOR ADAPTING THE HEEL
HEIGHT OF A PROSTHETIC FOOT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 16/783,556, filed 6 Feb. 2020 and entitled

METHOD FOR ADAPTING THE HEEL HEIGHT OF A
PROSTHETIC FOOT, which 1s a divisional of U.S. patent
application Ser. No. 15/319,337, filed 15 Dec. 2016, and
entitled PROSTHETIC FOOT, SYSTEM OF A PROS-
THETIC FOOT AND A SHOE, AND METHOD FOR
ADAPTING THE HEEL HEIGHT OF A PROSTHETIC
FOOT, 1ssued as U.S. Pat. No. 10,588,760, which 1s a U.S.
national entry application from PCT International Patent
Application No. PCT/EP2015/067065, filed 24 Jul. 2015,
and also enfitled PROSTHETIC FOOT, SYSTEM OF A
PROSTHETIC FOOT AND ASHOE, AND METHOD FOR
ADAPTING THE HEEL HEIGHT OF A PROSTHETIC
FOOT, which claimed the benefit of German Patent Appli-
cation No. 102014010938.0, filed 28 Jul. 2014, the disclo-
sures of which are incorporated, 1n their entireties, by this
reference.

TECHNICAL FIELD

The invention relates to a prosthetic foot having a foot
part, a proximal connection means which 1s connected
tiltably to the foot part, and an adjustment device with which
the foot part can be adjusted relative to the connection
means. The invention furthermore relates to a system con-
s1sting of such a prosthetic foot and a shoe, as well as to a
method for adapting the heel height of a prosthetic foot to a
shoe, which 1s assigned a heel height marking.

BACKGROUND

In the prosthetic treatment of lower extremities, 1t 1s
necessary to provide a set-up adapted to the patient. A set-up
1s 1mtended to mean the assignment and alignment of all
prosthetic components with respect to one another. In the
case of patients having a prosthetic knee joint, 1t 1s necessary
to adjust the orientation and positioning of the prosthetic
knee joint and of its rotation axis precisely, and to select and
mount the length of the lower limb tube as well as the
suitable prosthetic foot. Depending on the patient, it 1s
possible to select a dynamic or secure set-up. In the standing,
phase, the further the resultant force vector lies in front of
the knee axis, the more secure the setup 1s, and the closer the
resultant force vector 1s shifted toward the rotation axis of
the knee Jomt prosthesis, the more dynamic the set-up 1s. If
the setup 1s secure, the risk of unintended flexion of the
prosthetic knee joint 1s reduced, although relatively high
expenditure of energy 1s necessary when walking. A
dynamic set-up makes it easier to tlex the prosthetic knee
joint 1n the standing phase both during the heel strike and at
the end of the standing phase, as well as 1n the swing phase.
For walking, the user requires comparatively less exertion of
force, but the prosthetic knee joint 1s susceptible to flexion
more easily, which may be undesired 1n some situations.

Besides the set-up of the prosthetic knee joint, the pros-
thetic foot plays a role which should not be underestimated,
since the contact with the ground 1s established via the
prosthetic foot. The prosthetic foot may have a very wide
variety of configurations, there being manifold possibilities
from a simple wooden block with a plastic shell to a
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hydraulically controlled, driven prosthetic foot. Conven-
tional prosthetic feet may be worn 1n shoes, and therefore

have an outer appearance approximating that of a normal
foot shape. Sports feet are generally not worn 1n shoes. One
problem for users of prostheses of lower extremities 1s that,
when changing shoes, 1t 1s necessary to adapt the prosthetic
foot to a different heel height compared with standard setting,
or the original setting. An orthopedic technician has to date
adjusted the optimal set-up of a prosthesis for a standard heel
height value, but if another heel height 1s selected for
another shoe or a diflerent shoe model, for example with a
different heel drop or a diflerent heel height 1s used it may
be necessary to modify the inclination of the prosthetic foot
relative to the lower limb tube, 1n order to carry out heel
height adaptation. Otherwise, the entire set-up of the pros-
thesis 1s modified. A heel height adjustment may also be
necessary when geometrically identical shoes are used.
Because of different sole stiflnesses, it may be necessary for
a different heel height to be adjusted A softer heel may
require a diflerent heel height than a harder heel.

From the prior art, prosthetic feet are known which have
a hydraulic adjustment device, so that an orthopedic tech-
nician can carry out an adaptation of the prosthetic foot to
modified heel heights. A disadvantage with these solutions 1s
that the orthopedic technician in principle needs to be
consulted for each shoe change, with the aim of ensuring a
statically and dynamically correct set-up. Furthermore,
reproducibility of the adjustment results 1s not guaranteed.

A prosthetic foot 1s available under the name “Runway”
from the company Freedom Innovations. The adjustment 1s
carried out optionally by means of push-button adjustment
or with a hex key.

The company Streifeneder sells a prosthetic foot insert
with integrated heel height adjustment under the name
“Accent”, with which height adjustment of up to 51 mm can
be achieved.

SUMMARY

It 1s an object of the present invention to provide a
prosthetic foot, a system consisting of a prosthetic foot and
a shoe, and a method for adapting a heel height of a
prosthetic foot to a shoe, with which a prosthetic foot user
can adapt the prosthetic foot to the respective shoe, the
intention 1s for the adjustment to be carried out reproducibly
so as to maintain the optimized prosthetic set-up.

According to the mvention, this object 1s achieved by a
prosthetic foot having the features of the present disclosure,
by system consisting of a prosthetic foot and a shoe having
the features of the present disclosure, as well as such a
method with features of the present disclosure. Advanta-
geous configurations and refinements of the invention are
disclosed 1n the description and the figures. With the inven-
tion, 1t 1s possible to provide an improved prosthetic treat-
ment. For patients with transtibial amputation, incorrect heel
height adjustments lead to damage to capsules and ligaments
both of the treated and of the untreated leg, while in the case
of transfemoral amputations a nonoptimized heel height
adjustment and modification of the prosthetic set-up lead to
strains 1n the capsule and ligament apparatus of the knee of
the untreated leg and to overloads of individual muscles.
With the nvention, these disadvantages are reduced or
prevented.

In the prosthetic foot according to the invention having a
foot part, a proximal connection means which 1s connected
tiltably to the foot part, and an adjustment device with which
the foot part can be adjusted relative to the connection
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means, the adjustment device 1s assigned at least one posi-
tion sensor, which 1s coupled to a signal generating element.
In order to adjust the heel height, 1t 1s necessary to modily
the inclination of the foot part relative to the connection
means starting from a heel height adjusted by the orthopedic
technician, the prosthetic set-up 1s optimized by the ortho-
pedic technician. If, starting from an imtial setting, in the
event of a modified heel height the foot part 1s flexed 1n the
plantar direction, 1.e. the tip of the foot 1s tilted n the
direction of the floor so that the heel 1s raised relative
thereto, the position sensor detects the angular position of
the foot part relative to the proximal connection means, with
which the prosthetic foot 1s fastened to the lower limb tube.
The signal generating element may be configured as an
active signal generating element and, as a function of the
signal which 1s transmitted from the position sensor to the
signal generating element, for example after evaluation 1n a
control unmit, emit an optical, acoustic or tactile signal so that
the prosthesis user knows the level which the heel height
adjustment 1s currently occupying. The output may be
carried out acoustically, for example by voice output with
which the respectively reached heel height level 1s indicated.
It 1s likewi1se possible that a signal tone 1s output aifter the
next respective heel height level 1s reached, 1n which case
different signal tones may be assigned to the respective heel
height levels. It 1s also possible for different tone levels,
signal patterns or signal sequences to be assigned to the
respective heel level. If there are six heel height levels, for
example, each may be characterized with a corresponding
number of tones, the third level with three successive signal
tones, the fourth level with four, and so on. Besides acoustic
signal output, 1t 1s possible to provide tactile signal output,
for example by vibrations, vibration patterns or the like.
Furthermore, as an alternative or 1n addition, it 1s possible to
output an optical signal, for example a light signal, light
signal pattern or optionally a display of the current heel
height level. As an alternative or cumulatively, all signals
may be used for each level. It 1s also possible to output
different signal types for different heel height levels, and for
example particular heel height levels may be indicated only
acoustically, others only optically or in turn others only
haptically. An optical display may, for example, also be
carried out by means of diflerent color signals. Because of
the signal output, it 1s no longer necessary to consult the
orthopedic technician for each heel height modification;
rather, for different heel heights, 1t 1s sutlicient to assign the
respective heel height levels to the signals so that, after first
adjustment of the prosthetic set-up and optionally assign-
ment of different heels with diflerent heel heights to the
respective signals, with knowledge of the respective heel
height of the shoe model 1n question the patient can inde-
pendently carry out adaptation of the prosthetic foot to the
respective heel height. Besides the active signal output
clements or output devices described, 1t 1s possible and
provided for passive signal generating elements to be pro-
vided, which do not require a separate energy source for the
signal generation. For example, by means of a latching
during the adjustment, a tactile signal may be output by
means ol so-called chatter marks, so that the prosthesis user
or orthopedic technician knows by how many latch steps or
heel height adjustment levels the foot part has been tilted
relative to the connection means. Besides a passive and
tactile output device, which also has an acoustic component,
it 1s also possible for there to be an optical display of the heel
height adjustment, for example by means of a color marking,
in a viewing window, or the display of a particular latch level
by alphanumeric figures or other symbols.
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The assignment of the signals, as well as the respective
heel height adjustment, may also be carried out chronologi-
cally. The orthopedic technician and/or the patient may use
any desired heel height 1n order to adjust the prosthetic
set-up correctly. This heel height 1s then assigned a corre-
sponding signal as a fTunction of the time of the adjustment.
IT 1t 1s the first heel helght adjusted, for example, a one-oil
signal tone or a one-ofl light signal or a one-ofl tactile signal
takes place. A second heel height, which 1s different to the
first heel height, chronologically receirves a second signal,
for example two signal tones, light signals or tactile signal
outputs. The third storage of a heel height receives a third
signal, etc., 1t being possible for the heel heights to be
arbitrary, and the first heel height may represent a central
heel, the second storage a high heel and the third a very flat
heel.

The output of the heel height signal by the signal gener-
ating element may be carried out absolutely, so that the
position respectively occupied 1s reported independently of
an 1itial position. As an alternative thereto, the signal output
may always be carried out starting from a standard initial
position so that, for example, after the activation of an
adjustment mode, only the number of heel height adjustment
levels just carried out 1s respectively indicated.

The adjustment device may comprise latch elements, by
means of which the adjustment of the foot part relative to the
connection means takes place in discrete steps. The latching
1s to be selected sufliciently finely so that the most precise
possible adjustment to the respective heel heights can be
carried out, although on the other hand the latching should
be selected coarsely enough so as not to output too many
signals, which could cause confusion during the adjustment.
It has been found suflicient that from 16 to 20 heel height
steps are suili

icient for eflective heel height modification
between 0 cm and 5 cm for sufliciently fine heel height
adjustment with conventional shoe models.

The position sensor may be configured as a location
sensor, relative angle sensor, inertial angle sensor, mechani-
cal sensor and/or switch. In the case of a relative angle
sensor, the relative position between the connection means
and the foot part 1s detected, for example by means of
magnets arranged 1n discrete steps, by means of induction,
a Hall sensor or the like. It 1s likewise possible to arrange,
at discrete angular intervals from one another, difierent
markers which are detected by a detector and by which a
corresponding signal 1s sent either directly to the signal
generating element or to a control device. In contrast thereto,
it 1s possible to provide a location sensor or inertial angle
sensor on the foot part by means of which the absolute
position of the foot part relative to a stationary reference
quantity, generally the direction of gravity, 1s determined.
After one-ofl alignment of the foot part, for example 1n a
position without a shoe, by the modification of the location
of the foot part relative to the direction of gravity in an
adjustment mode 1t 1s possible to establish by how many
degrees an adjustment takes place in the plantar flexion
direction, from which in combination with the prosthetic
foot length 1t 1s then possible to calculate the foot part
position 1mn which a particular heel height step 1s reached.
The adjustment of the heel height 1s generally carried out
under load, that is to say the patient stands uniformly loaded
with an orthopedic technician. This means that 1n general
50% of the body weight 1s carried on the treated leg and 50%
on the untreated leg. The storage of the respective heel
height adjustment for the shoe or shoe model 1n question 1s
carried out after static and dynamic adaptation of the pros-

thetic set-up by the orthopedic techmician. The mertial angle
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sensor may be configured as a gyroscope. It 1s also possible
for the position sensor to be configured as a simple switch,
which 1s moved by a mechanical actuation element so that
a circuit 1s opened or broken. Depending on the opening or
closure of the circuit, a corresponding signal 1s output. Such
switches may also be activated separately 1n order to achieve
individual gradation, 1n a similar way to a mechanical timer
switch with manually activatable switching times. Accord-
ing to the configuration as a mechanical sensor, the position
sensor can function without electrical or electronic compo-
nents, for example by an optical display or an acoustic signal
being generated or modified 1 a purely mechanical way.
The functionality 1n this case corresponds to that of a switch,
but without the closure or opening of a contact.

The sensor device may be assigned an adjustable or
programmable signal generator, so that both the intervals
between the signals output and the nature of the respective
signal can be established. It 1s also possible for a signal to
be output when and only when the desired adjustment has
been carried out. If a particular heel height 1s detected or
adjusted, for example, it 1s possible to define by means of a
confirmation device that a signal 1s output only when the
respectively adjusted heel height position 1s reached. In this
way, by means of automatic heel height detection, 1t 1s also
possible to carry out simple adaptation of the orientation of
the foot part relative to the proximal connection means, as
it 1s only necessary to consider the presence or absence of a
signal. Once the correct setting 1s reached, the signal 1s
output, or conversely interrupted. For the prosthesis user,
this 1s an indication to stop the adjustment and fix the
position found.

The adjustment device may be assigned at least one
receiver or a detector of shoe 1dentification data, so that it 1s
possible to detect automatically which shoe model or which
heel height 1s arranged on the respective prosthetic foot. By
means of the receiver or the detector, the prosthetic foot
detects the shoe in which it has been placed, so that
automatic adaptation of the signal generator or a control
device takes place, so that simplified adaptation can be
carried out on the basis of the automatic detection of the
respective heel height. By the detector, for example, 1t 1s
possible to detect automatically what the heel height 1s, so
that by means of the control device 1t 1s established that a
corresponding signal 1s output only when a particular adjust-
ment angle 1s reached. In this way, direct angular adjustment
for the foot part 1s carried out automatically and reproduc-
ibly.

The receiver or detector 1s coupled to the sensor device
and/or to the signal generating element, 1n order to be able
to carry out the above-described automatic matching either
of the signal or of the signal triggering.

The s1gnal generating element may likewise be coupled to
a transmitter, so that the detected signal of the sensor does
not need to be output directly at the prosthetic device but
may also be transmitted to a remotely arranged device. For
example, signal transmission may be carried out to a cell-
phone, a tablet, a computer or another output device, so that
besides the signal output or display, which with cellphones
may be carried out both optically and acoustically and/or in
a tactile fashion, storage of the values and shoes or height
adjustments used can be carried out. The data available by
means ol this may be used to optimize the adjustment of the
prosthetic set-up.

The adjustment device may comprise a shaft which 1s
mounted eccentrically on the foot part and 1s 1n turn mounted
on the connection means. This straightforwardly provides
the possibility, of carrying out adjustment of the proximal
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connection means relative to the foot part by rotating the
eccentric shaft. Alternative configurations of the adjustment
devices, for example by means of threaded rods, latching
devices, or other form-fit locking means, are likewise pos-
sible and provided. The configuration using an eccentric
shaft allows a spatially small configuration with suthiciently
fine adjustment and secure latching. The eccentric shaft may
be mounted 1n a yoke, on which the connection means 1s also
mounted tiltably, so that there 1s the possibility of config-
uring the eccentric shait essentially parallel to the tilt axis
and the bearing axis of the connection means. In order to
compensate for the longitudinal displacement of the eccen-
tric shaft which occurs during rotation, the shait 1s advan-
tageously guided i a longitudinal hole guide in the con-
nection means. The longitudinal hole may pass through the
connection means. Of course it 1s possible and provided, that
the eccentric shaft 1s mounted on the connection means,
which 1s coupled to the connection means. It may also be
that the longitudinal hole guide 1s formed not in the con-
nection means but 1n the foot part. The adjustment device 1s
therefore coupled to the connection means by means of an
eccentrically mounted shaft, the shaft preferably being
guided 1n a longitudinal hole guide.

The connection means may comprise a deactivatable
blocking device, which blocks rotation of the foot part
relative to the connection means, so that the orientation of
the foot part relative to the connection means, once found,
1s maintained. The blocking device advantageously com-
prises retractable form-fit elements, so that activation or
deactivation 1s straightforwardly possible.

The signal generating element 1s preferably configured as
an active signal generating element, 1 order to deliver a
clear signal, which 1s easy to pick up, about the adjusted heel
height to the user.

The system consisting of a prosthetic foot as described
above with a shoe provides the shoe with a readable heel
height marking, so that, either optically, optoelectronically
or electronically, the respectively existing heel height level
can be read out and transmitted to the control device, to the
position sensor or to the signal generating element, and a
corresponding signal can subsequently be output when the
correct heel height adjustment 1s reached. The heel height
marking may be stored 1n an RFID chip, a transponder, or an
optically or optoelectronically readable code. The heel
height marking may also be applied to the shoe by bonding,
embossing, embedding or 1n another way.

According to the method according to the mmvention for
adapting the heel height of a prosthetic foot as described
above to a shoe, which 1s assigned a heel height marking, the
heel height marking 1s transmitted to a control device, the
respective mark 1s compared with detected position data of
the position sensor, and a confirmation signal 1s emitted
when the position signal assigned beforehand to the respec-
tive heel height marking matches with the detected position
signal. The heel height marking may be detected proximity-
dependently by a detector, and the corresponding signal may
be transmitted to the control device, for example when a
detector or a transmitter enters into suilicient proximity or
direct contact with the heel height marking. It 1s also
possible to read out a corresponding code by means of
optical detectors, for example scanners, and transmit 1t to the
control device so that, after readout and processing of the
corresponding code, a corresponding signal assignment and
signal output are carried out.

Besides automatic detection and readout of the heel height
marking and automatic transmission to the control device, 1t
1s 1n principle also possible to communicate the respective
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heel height manually to the control device for example by
keying, remote control or latching or confirmation of a
particular latch position.

In one vanant of the invention, the prosthetic foot 1s
assigned a drive so that the connection means 1s displaced 1n
a motorized fashion relative to the foot part, the displace-
ment being carried out as a function of the detected heel
height so that automatic adaptation of the position of the foot
part relative to the connection means 1s always carried out
when putting on a shoe with a corresponding heel height
marking.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention will be
explained i detail below with the aid of the figures, 1n
which:

FIG. 1 shows a prosthetic foot 1n a shoe;

FIG. 2 shows a prosthetic foot nsert in side view;

FIG. 3 shows a prosthetic foot mnsert according to FIG. 2
with foot cosmetics;

FIG. 4 shows an adjusted prosthetic foot insert;

FIG. 5 shows a prosthetic foot nsert according to FI1G. 4
with foot cosmetics;

FIG. 6 shows a yoke with connection means 1n side view;

FIG. 7 shows FIG. 6 1n perspective view;

FIG. 8 shows an exploded representation of the adjust-
ment device;

FIG. 9 shows a sectional representation of the adjustment
device;

FIG. 10 shows a variant of the invention 1n side view; and

FIG. 11 shows a detailed view of a position sensor.

FIG. 12 shows a flow diagram of a method for adapting
a heel height for a prosthetic foot to a shoe.

DETAILED DESCRIPTION

FI1G. 1 shows a shoe 1 with, contained therein, a prosthetic
foot which comprises a foot part 2 and proximal connection
means 3 for connection to a lower limb tube 4. The proximal
connection means 3 are mounted on the foot part 2 so that
they can be tilted and comprise an adjustment apparatus 5 by
means of which the inclination of the foot part 2 relative to
the connection means 3, or to the lower limb tube 4, can be
adjusted. By means of the inclination adjustment of the foot
part 2, 1t 1s possible to compensate for the different heel
heights when changing shoes. A heel height marking 11 1s
arranged 1n the shoe 1, 1n the exemplary embodiment
represented 1n the region of the heel, by means of which
marking it 1s possible to 1dentity the respective heel height
and transmit 1t either manually or automatically to the
adjustment device 5, or to a control device (not represented
in FI1G. 1), a signal generating element 10 or a sensor device.
A signal generating element 1n the form of an output device
for acoustic, tactile and/or optical signals, by means of
which the prosthesis user can be informed about the respec-
tive setting of the heel height, 1s arranged on the adjustment
device 5.

FIG. 2 shows a prosthetic foot insert without foot cos-
metics with a foot part 2, which comprises a front-foot
spring 21, a heel spring 22 and a base spring 23. Arranged
at the rear end of the front-foot spring 21, there 1s a yoke 6
which extends i1n the proximal direction and 1s used to
receive the proximal connection means 3. The yoke 6 1s
screwed firmly to the front-foot spring 21. The connection
means 3 comprises a base body 30 with a pyramid adapter
31. A lower part 32 1s fastened on the base body 30 and 1s
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used as a holder for a tilt axle 7, which passes transversely
through the yoke 6. The connection means 3 1s arranged
between the two limbs of the yoke 6 and 1s mounted tiltably
about the t1lt axle 7. Furthermore, an adjustment device 5,
the set-up of which 1s explained below, 1s mounted proxi-
mally with respect to the tilt axle 7 1n the yoke 6. By means
of the adjustment device 5, 1t 1s possible to modily the
angular position of the foot part 2 relative to the connection
means 3. By diflerent inclinations of the connection means
3 relative to the foot part 2, 1t 1s possible to compensate for
different heel heights of shoes (not represented).

FIG. 3 shows the prosthetic foot 1nsert according to FIG.
2 with foot cosmetics 8, into which the prosthetic foot insert
1s fitted together with the yoke 6 and parts of the connection
means 3. The prosthetic foot msert together with the foot
cosmetics form the prosthetic foot, which 1s fitted nto a
shoe. The foot cosmetics 8 form the distal extremity of the
prosthetic foot and, because of the resilient properties,
contribute to the functional behavior of the prosthetic foot.
In the exemplary embodiment represented, the alignment of
the connection means 3 relative to the foot part 2 1s selected
in such a way that there 1s a relatively shallow heel height,
the sole or lower side of the foot cosmetics 3 being at on
almost horizontal level at their bearing points.

FIG. 4 shows a variant of FIG. 2 in a maximally angled
position, that 1s to say the foot part 2 has maximum plantar
flexion and the connection means 3 have been rotated
maximally about the tilt axle 7 counterclockwise relative to
the yoke 6. The tip of the foot 1s substantially lower than the
heel. Such a foot position 1s necessary when a shoe with a
high heel 1s being worn on the other side, 1.e. the untreated
side, of the patient. I the foot position according to FIG. 2
was used with an increased heel height, this would lead to
an unmanageable rolling behavior and a very unphysiologi-
cal gait.

FIG. 5 shows the position of the foot according to FIG. 4
with foot cosmetics.

In order to be able to use oot positions according to FIGS.
3 and 35 together with a prosthetic set-up adjusted by an
orthopedic technician, 1t 1s necessary to make the heel height
adjustable. To this end, an adjustment device 5 1s provided
in the region of the connection means 3 on the bearing.

FIG. 6 shows the connection of the upper connection
means 3 to the pyramid adapter 3, the base body 30 and the
lower part 32 on the yoke 6 1n a single representation. The
proximal tilt axle 7 can likewise be seen as well as the
adjustment device 5 arranged distally with respect thereto.
FIG. 6 shows a side view of a carrier 61 or yoke limb with
a circular recess, 1n which a bearing disk 52 1s mounted. The
functionality of the bearing disk 52 and of the adjustment
device 5 will be explained below.

FIG. 7 shows the arrangement according to FIG. 6 1 a
perspective view. It can be seen that the lower part 3 1s
fastened on the base body 30, and both the base body 30 and
the lower part are arranged between two carriers 61, 62 or
yoke limbs of the yoke 6. The adjustment device S has a
cover cap 54 on the side of the second carrier 62 1n order to
protect various components of the adjustment device 5. In
the exemplary embodiment represented, the connection
means 3 1s configured as a base body 30 with a pyramid
adapter 31 fastened directly thereon. Besides such a con-
figuration, 1t 1s also possible to provide an adapter between
the pyramid adapter 31 and the yoke 6 or the foot part 2, for
example 1 order to carry out a stmpler length adjustment or
alternatively 1n order to accommodate components of the
adjustment device 3 1n the adapter. For instance, an output
device, a control device, and an input device for the pro-
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gramming ol the respective heel height and the assignment
to a signal, may be fitted 1n the adapter. The adjustment 1tself
may also be carried out 1n the adapter, so that the pyramid
adapter 31 does not necessarily need to be arranged, formed
or fastened directly on the base body 30 of the adjustment
device 5. The pyramid adapter 31 may also be fastened by
means of an interposed intermediate piece or an adapter
either to the base body 30 or 1n another way tiltably to the
foot part 2, for example by means of a yoke 6 or another type
of tiltable fastening on the foot part 2. Besides arrangement
of the upper connection means 3 between the two carriers
61, 62 in the yoke, 1t 1s also possible to arrange the base body
30 only on one side on a single carrier, or alternatively to
orip a central carrier on both sides by components of the
upper connection means 3, so that the reverse arrangement
compared with the exemplary embodiment represented 1s
achieved.

FIG. 8 shows, 1n an exploded representation, yoke 6 with
through-bores 67 in the distal region of the carriers 61, 62 for
receiving the tilt axle 7. The tilt axle 7 1s mounted in
bearings 70, which are formed as sliding bearings, 1n the
through-bores 70. In the mounted state, the tilt axle 7 passes
through both the carriers 61, 62 and the through-bore 37
inside the lower part 32, so that the lower part 32, which 1s
screwed to the base body 30 by means of bolts 34, 1s
mounted tiltably on the yoke 6. The tilt axle 7 in this case
represents the rotation axis.

Above the through-bores 67, 1.¢. in the proximal direction,
turther bearing bores 65 are introduced, 1n which nner teeth
63 are formed 1n the nght-hand carrier 62 on the outer side.
Inside the bearing bores 65, bearing rings 50, which are
likewise configured as sliding bearings, are arranged and
accommodate bearing disks 52 of an eccentrically mounted
shaft 51. The shatt 51 1s guided 1n a longitudinal hole guide
33, which 1s configured as a through-slot, 1n the base body
30 and, in the event of rotation inside the bearing disks 50,
causes tilting of the connection means 3 about the tilt axle
7. If the shaft 51 is rotated for example from a starting
position 1n the direction of the rear end of the prosthetic foot,
the connection means 3 are tilted relatively backward so that
plantar flexion of the foot part 2 takes place, while 11 the
shaft 51 1s rotated 1n the direction of the tip of the foot, this
causes dorsal flexion, that 1s to say the tip of the foot 1s raised
in the direction of the prosthetic knee joint.

On the night-hand bearing disk 52 in the exemplary
embodiment, outer teeth 53 are formed, which are produced
in a manner corresponding to the inner teeth 63 on the carrier
62, so that when the teeth 53, 63 engage in one another
rotation of the bearing disks 52 in the bearing bores 65 1s
blocked. The shaft 51 therefore cannot be moved and the

connection means 3 1s {ixed 1n the adjusted position. In order
to release the latching, or the blocking device, which 1s
formed by the teeth 53, 63, the left-hand bearing disk 52 1s
pressed on so that both the shaft 51 and the right-hand
bearing disk 52 are displaced 1n the direction of the cover
cap 54. In this way, the outer teeth 53, which act as form-{it
clements 1n the mner teeth 63, are disengaged and retracted
so that free rotatability of the bearing disks 52 inside the
bearing bores 65 can be carried out.

FIG. 8 likewise shows a position sensor 9, which detects
the position of the foot part 2, which 1s connected firmly to
the yoke 6 by screwing, relative to the connection means 3.
The position sensor 9 may be configured either as a location
sensor, which detects the orientation of the foot part in space
during an adjustment mode, or as a relative sensor which,
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starting from an 1nitial position, detects the relative position
of the foot part 2 via the position of the yoke 6 relative to the
connection means 3.

Also mounted on the sensor 9, there 1s an adjustable
transmitter 91 by means of which 1t 1s possible to adjust
when a position signal of the sensor 9 1s output, 1n order to
carry out preselection of the signals to be output.

The sensor 9 1s advantageously configured as a Hall
sensor, 1n which either a magnet 1s displaced relative to a
multiplicity of coils, or many magnets are displaced relative
to a coil because of the rotation of the shaft 51 or of the
bearing disks 52 relative to the sensor 9. A signal 1s
generated because of the Hall effect, which 1s evaluated and
on the basis of which signal output 1s carried out by the
output device 10.

FIG. 9 shows a sectional representation of an embodiment
which essentially corresponds to that of FIG. 8. The position
sensor 1s not represented. In FI1G. 9, the connection means 3
1s shown 1n a latched state. The yoke 6 with the two carriers
61, 62 ecssentially aligned parallel to one another receives the
connection means 3 and in particular the base body 30 and
the lower part 32 between the two carriers 61, 62. The tilt
axle 7 1s mounted on the yoke 6 in such a way that it can be
tilted by means of the bearing 70. The eccentric shaft 51 1s
mounted inside the longitudinal hole guide 1n the base body
30. The two bearing disks 32 are mounted rotatably 1n
bearing shells 50 1n the bearing bores 65. The outer teeth 53
on the right-hand bearing disk 52 engage 1n the mner teeth
63 on the nght-hand carrier 62, and therefore block tilting of
the connection means 3 about the t1lt axle 7.

Mounted inside the cover cap 34, there 1s a compression
spring 55 which presses the bearing disk 52 with the outer
teeth 53 1n the direction of the nner teeth 63. In this way,
form-fit latching of the shatt 51 relative to the yoke 6 is
ensured. In order to unblock the latching, a pressure force 1s
applied onto the bearing disk 52 on the side facing away
from the cover cap 54, so that the shait 51 1s displaced to the
right and the teeth 53, 63 are disengaged.

Arranged 1nside the cover cap 34, there 1s a control device
12 which, on the basis of the received position signal of the
position sensor 9, activates an output device 10 for an optical
and/or acoustic and/or haptic signal. The output device 10
may for example indicate a heel height level by a rhythmical
signal, although 1t 1s likewise possible to provide voice
output or to report that a preadjusted setpoint position has
been reached by means of a confirmation signal. The set-
point position may be established by the control device 12,
for example by a detector 19, for example an RFID recerver,
receiving a signal of a heel height marking 11 and estab-
lishing a corresponding angular position of the foot part 2
relative to the connection means 3 as a setpoint position. IT
this setpoint position 1s reached during the adjustment of the
foot part 2 relative to the connection means 3, a confirmation
signal 1s sounded or a different confirmation signal 1s output.
It 1s also possible for the heel height marking to be trans-
mitted to the control device 12 in a different way, for
example manually by rotation of a setting device, by
repeated pressing or actuation of a switch, 1n order to input
the corresponding heel height level, by voice input, by a
remote control or 1n another way. Certain switches or
microswitches may also be activated manually so that, when
there 1s a corresponding angular position, a confirmation
signal 1s output or a warning signal, which indicates an
incorrect heel height adjustment, 1s iterrupted.

The control device 12 1s assigned a transmitter 13, by
means of which 1t 1s possible to transmit the signals of the
sensor 9 (not represented) to a remote output device 10, for
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example a cellphone, a computer or the like. The control
device 12 1s furthermore assigned a confirmation device 14,
which 1n the exemplary embodiment represented 1s config-
ured as a confirmation button 1n the cover cap 54. The
confirmation button 14 1s used to carry out confirmation
during the assignment of the respective heel height to the
signal. If the heel height 1s for example adjusted chrono-
logically, the first heel height adjusted i1s assigned a first
signal by confirming the adjusted heel height by means of
the confirmation button 14 of the control device 12. The
control device 12 assigns a first signal to this heel height.
When a second heel height 1s adjusted and the confirmation
button 14 1s actuated again, the second output signal 1s
assigned to this heel height, regardless of whether the second
heel height 1s greater or less than the first heel height. It a
heel height adjustment 1s deleted, this 1s made free and can
be respecified, and here again 1t 1s not essential to store or
arrange the heel heights in a particular order. After the
adjustment and confirmation of the respective heel height
and the assignment of the respective signal the prosthetic
foot can be used. If a shoe 1s changed the heel height i1s
adjusted by actuating the adjustment device 5. To this end,
the teeth 53, 63 are disengaged by displacement against the
pressure force of the error 55, and the foot part 2 15 tilted
relative to the connection means 3 until a signal 1s output.
The signal may be output to the user by means of the output
device 10 1n the form of a light signal and by means of an
acoustic signal transmitter. When the desired position of the
foot part 2 relative to the connection means 3 1s reached, the
teeth 53, 63 are latched. If latching has been carried out, 1t
1s possible to output an additional signal which signals that
the prosthetic foot 1s ready to be used.

Besides the active signal output described, it 1s possible
not to provide an energy source for the signal output, but
rather to induce the signal output by the adjustment 1tself. To
this end, so-called chatter marks may be used, which output
the adjustment of the foot part 2 relative to the upper
connection means 3 in a tactile fashion and acoustically. In
addition to the latching, 1t 1s possible for an acoustic output
clement to be provided, which for example emits an acoustic
signal by a spring flipping over when a heel height level 1s
reached or exceeded. In addition, an optical display may be
assigned to the adjustment.

With the prosthetic foot, 1t 1s possible to provide an
adjustment aid for the prosthetic foot 1n order to adapt
different heel heights reproducibly with an overall prosthetic
set-up which has been adjusted by an orthopedic techmician.
By means of the control device 12, it 1s possible to select
particular heel height levels beforchand, so that, for
example, after reviewing the shoes available with different
heel heights, fitting 1s carried out by the orthopedic techni-
cian. If four different heel heights are available, for example,
the optimal angular position of the foot part 2 relative to the
connection means 3 may be programmed in for each heel
height. The programming into the control device 12 may be
carried out manually by means of push-buttons, by means of
rotary switches or alternatively by means of a wireless
connection. In this way, filtering of the multiplicity of
possible heel height adjustments down to remaining adjust-
ments which are relevant to the patient 1s carried out by the
orthopedic technician. The signal output for the heel height
to be adjusted 1s then carried out in a manner adapted to the
patient, so that only the four selected heel heights are still
available for selection and not all heel height levels, which
may be graduated very finely, have to be included or
perceived. The signaling of the relevant heel height adjust-
ments 1s thus carried out according to a preselection by the
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orthopedic technician, so that the patient 1s not irritated by
irrelevant position signals. It 1s also possible for the posi-
tions selected by the orthopedic technician be provided with
a different signal than the other latching positions, for
example by a difference 1n tone, volume, light color or the

like.

The heel height marking 11 may also be mput by means
of a voice command, so that a particular shoe with a
corresponding marking 1s announced to the prosthetic foot
and the respectively assigned heel height 1s provided with a
corresponding signal by means of voice recognition.

FI1G. 10 shows a side view of a variant of the invention,
which corresponds 1n 1ts basic set-up to that of FIG. 6. In the
exemplary embodiment represented, the position sensor 9 1s
configured as a mechanical sensor, integrated in which there
are so-called dip switches 90 that extend over a circular arc
along a tilting path of the proximal connection means 3
relative to the yoke 6. By displacement of the dip switches
90, latching devices are blocked or released, contacts are
blocked or released, or both are carried out, so that the
reaching of a particular position of the base body 30 relative
to the yoke 6 or the adjustment device 3 1s displayed, felt or
heard and/or can be displayed or output. In the exemplary
embodiment represented, different positions of the respec-
tive dip switch 90 are shown 1n the recesses on the left.

FIG. 11 shows a schematic representation of the func-
tionality and of the set-up of the mechanical position sensor
arrangement according to FIG. 10 1n a sectional represen-
tation. The proximal connection means 3 with the base body
30 1s 1 turn mounted on the yoke so that 1t can be tilted
about the t1lt axle 7 (not represented). The dip switches 90
of the mechanical position sensor 9 are arranged 1n the shape
of a fan at uniform intervals from one another, a total of ten
dip switches 90 being provided 1n the exemplary embodi-
ment represented. The two respective outer dip switches 90
and the central dip switch 90 are arranged 1n a retracted
release position oriented 1n the direction of the tilt axle 6,
and the others are oriented 1n a blocking position. In the
release position, latching recesses 92 1n which a latching
clement 93 1n the shape of a ball can latch are released by
the dip switches 90. The ball 93 1s prestressed in the
direction of the latching recesses 92 by a spring 94, so that
during adjustment of the connection means 3 the ball 93
latches 1n the respectively released latching recess 92. By the
uniform fan-shaped arrangement of the dip switches 90,
display 1s possible in an acoustic and tactile fashion over the
entire tilting path of the connection means 3 at uniform
angular intervals. The two respective outer dip switches 90
and the associated latching recesses 92 represent the end-
points of the tiltability. In the embodiment represented, the
proximal connection means 3 1s positioned 1 a central
position, out of which tilting may be carried out 1n the
respective tilting direction, where appropriate after unlatch-
ng.

By the latching of the ball 93 into the latching recess 92,
it 1s also possible to close an electronic contact so that a
signal relating to the reaching of a particular angular posi-
tion can be output electronically, for example by means of
a computer, a cellphone or a display device specially
equipped therefor. By the contact, 1t 1s also possible to output
an acoustic signal that goes beyond the mechanical latching
noise of the ball 93 1n the latching recess 92 and 1s generated
separately, for example by means of a signal generator 1n the
form of a loudspeaker or another sound generating device,
which 1s activated when the contact 1s closed and actively
generates a signal which differs from the latching noise.
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When the dip switches 90 are closed, the ball 93 rolls over
the surface of the dip switches which are closing the latching
recesses 92 1n the locking position, so that no haptic and/or
acoustic messaging to the user takes place. Besides a uni-
formly separated arrangement of the dip switches 90 next to
one another, 1t 1s also possible to arrange them at nonuniform
intervals from one another 1n order to allow precise adjust-
ability at preferred positions, so that intermediate positions
can also be occupied.

Besides the arrangement of the dip switches 90 only on
the upper half around the bearing disk 51, as shown 1n FIG.
10, 1t 15 also possible to arrange dip switches additionally on
the opposite lower side, the dip switches on the lower side
being oflset by half the interval, so that halved gradation of
the angular adjustability 1s possible. In this way, 1t 1s possible
to achieve finer adjustabilities, with at the same time a
suilicient size of the dip switches 90 so that handleability of
the dip switches 90 1s still ensured. The dip switches may be
configured as slide switches which are mounted longitudi-
nally displaceably in guides. By the configuration of the
form-fit element 93 as a ball, 1t switches possible to allow
rolling over the surface of the dip switches 1n the closed
position against a certain resistance by the spring 94 and to
move the ball 93 out of the recess 92.

Patent Claims

1. A prosthetic foot having a foot part (2), a proximal
connection means (3) which 1s connected tiltably to the foot
part (2), and an adjustment device (5) with which the foot
part (2) can be adjusted relative to the connection means (3 ),
characterized 1n that the adjustment device (8) 1s assigned at
least one position sensor (9), which 1s coupled to a signal
generating element (10).

2. The prosthetic foot as claimed in claim 1, characterized
in that the signal generating element (10) 1s configured as an
output device for optical, tactile and/or acoustic signals.

3. The prosthetic foot as claimed in claim 1 or 2, char-
acterized 1n that the adjustment device (5) comprises latch
clements (53, 63), by means of which the adjustment of the
toot part (2) relative to the connection means (3) takes place
in discrete steps.

4. The prosthetic foot as claimed 1n one of the preceding
claims, characterized i1n that the position sensor (9) 1is
configured as a location sensor, relative angle sensor, inertial
angle sensor and/or switch.

5. The prosthetic foot as claimed 1n one of the preceding
claims, characterized in that the position sensor (9) 1is
assigned an adjustable or programmable signal generator
(91).

6. The prosthetic foot as claimed 1n one of the preceding
claims, characterized in that the adjustment device (3) 1s
assigned at least one receiver or a detector (19) of shoe
identification data.

7. The prosthetic foot as claimed 1n claim 6, characterized
in that the receiver or detector 1s coupled to the position
sensor (9) and/or to the signal generating element (10).

8. The prosthetic foot as claimed 1n one of the preceding
claims, characterized i1n that the adjustment device (§5) 1s
assigned a drive.

9. The prosthetic foot as claimed 1n one of the preceding
claims, characterized in that the adjustment device (3) 1s
coupled to the connection means (3) by means of an eccen-
trically mounted shaft (31).

10. The prosthetic foot as claimed 1n claim 9, character-
ized 1n that the shait (51) 1s guided 1n a longitudinal hole
guide (33).

11. The prosthetic foot as claimed in one of the preceding
claims, characterized in that the connection means (3) com-
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prise a deactivatable blocking device (53, 63), which blocks
rotation of the foot part (2) relative to the connection means
(3).

12. The prosthetic foot as claimed 1n claim 11, character-
ized 1n that the blocking device (83, 63) comprises retract-
able form-fit elements (53, 63).

13. The prosthetic foot as claimed 1n one of the preceding
claims, characterized in that the signal generating element
(10) 1s coupled to a transmitter (13).

14. The prosthetic foot as claimed 1n one of the preceding
claims, characterized in that the signal generating element
(10) 1s configured as an active signal generating element
(10).

15. A system consisting of a prosthetic foot as claimed 1n
one of the preceding claims with a shoe (1), which has a
readable heel height marking (11).

16. The system as claimed 1n claim 15, characterized 1n
that the heel height marking (11) 1s stored 1n an RFID chip,
a transponder, or an optically or optoelectronically readable
code.

17. A method for adapting the heel height of a prosthetic
foot as claimed 1n one of the preceding claims to a shoe (1),
which 1s assigned a heel height marking (11), wherein the
heel height marking (11) 1s transmitted to a control device
(12) and compared with detected position data of the posi-
tion sensor (9), and a confirmation signal 1s emitted when the
position signal assigned beforehand to the respective heel
height marking (11) matches with the detected position
signal.

18. The method as claimed in claim 17, characterized in
that the heel height marking (11) 1s automatically read and
transmitted to the control device (12).

19. The method as claimed in claim 17 or 18, character-
ized in that the connection means (3) 1s displaced 1n a
motorized fashion relative to the foot part (2).

The mvention claimed 1s:

1. A method for adapting a heel height of a prosthetic foot
to a shoe, the prosthetic foot comprising a foot part, a
proximal connection member pivotally connected to the foot
part, an output device, a control device, a detector, and at
least one position sensor, and the shoe comprising an 1den-
tifier, the method comprising:

assigning a heel height marking to the shoe, the heel

height marking representing a value of a heel height of
the shoe;

assigning a position signal to the heel height marking;

automatically detecting, using the detector, the identifier;

identifying the shoe based on the identifier;

transmitting the value of the heel height of the shoe to the

control device;:

comparing, with the control device, the heel height mark-

ing with detected position data from the at least one
position sensor;

adjusting the prosthetic foot by applying an external force

until the position signal assigned to the heel height
marking matches the detected position data.

2. The method of claim 1, wherein the 1dentifier comprises
the heel height marking, and wherein automatically detect-
ing, using the detector, the i1dentifier, comprises automati-
cally detecting, using the detector, the heel height marking.

3. The method of claim 1, further comprising:

transmitting the value of the heel height of the shoe to the

control device; and

emitting a confirmation signal with the output device

when the position signal assigned to the heel height
marking matches with the detected position data; and
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wherein adjusting the prosthetic foot comprises automati-

cally adjusting the prosthetic foot.

4. The method of claim 1, wherein the prosthetic foot
turther comprises an adjustment device, the method further
comprising:

manually displacing by a user, with the adjustment device,

the connection member relative to the foot part until a
setpoint position 1s reached, the adjustment device
being operable without the use of a motor.

5. A method for adapting a heel height of a prosthetic foot
to a shoe, the prosthetic foot comprising a foot part, a
proximal connection member pivotally connected to the foot
part, an output device, a control device, a detector, and at
least one position sensor, and the shoe comprising an 1den-
tifier, the method comprising:

assigning a heel height marking to the shoe, the heel

height marking representing a value of a heel height of
the shoe;

assigning a position signal to the heel height marking;

automatically detecting, using the detector, the identifier;

identifying the shoe based on the identifier;

transmitting the value of the heel height of the shoe to the

control device;

comparing, with the control device, the heel height mark-

ing with detected position data from the at least one
position sensor;
adjusting the prosthetic foot by applying an external force
until the position signal assigned to the heel height
marking matches the detected position data; and

locking the prosthetic foot in position when the position
signal assigned to the heel height marking matches the
detected position data.

6. The method of claam 5, wherein the prosthetic foot
turther comprises an adjustment device, the method further
comprising:

displacing, with the adjustment device, the connection

member relative to the foot part using the external
force, the adjustment device being operable without the
use of a motor, wherein adjusting the prosthetic foot by
applying an external force until the position signal
assigned to the heel height marking matches the
detected position data comprises automatically adjust-
ing the prosthetic foot by applying an external force
until the position signal assigned to the heel height
marking matches the detected position data.

7. The method of claim 5, wherein the prosthetic foot
turther comprises an adjustment device, the method further
comprising:

displacing, with the adjustment device, the connection

member relative to the foot part using the external
force, the adjustment device comprising a motor.

8. The method of claim 5, further comprising emitting a
confirmation signal with the output device when the position
signal assigned to the heel height marking matches with the
detected position data, wherein the output device 1s config-
ured to generate at least one of optical, tactile and acoustic
outputs.

9. The method of claim 5, wherein the adjustment device
comprises latch elements operable to provide adjustment of
the foot part relative to the connection member 1n discrete
steps.
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10. The method of claim 5, wherein locking the prosthetic
foot 1in position when the position signal assigned to the heel
height marking matches with the detected position data
comprises closing the latch elements.

11. The method of claim 5, wherein the at least one
position sensor comprises a location sensor, a relative angle
sensor, an nertial angle sensor, a switch, or an adjustable or
programmable signal generator.

12. The method of claim 5, wherein an output 1includes a
confirmation that the foot part has reached a setpoint posi-
tion, the setpoint position being the heel height.

13. The method of claim 12, wherein the output 1s an
acoustic signal, the acoustic signal generated by a voice
generating device and including an announcement about a
heel height level of the foot part.

14. The method of claim 12, wherein the output 1s an
acoustic signal, the acoustic signal including a different tone
for each heel height level of the foot part.

15. The method of claim 12, wherein the output 1s an
acoustic signal, the acoustic signal including at least one of
different pitch levels, signal patterns, or signal sequences
assigned to specific heel height levels of the foot part.

16. The method of claim 12, wherein the output 1s a tactile
signal vibration, the tactile signal vibration including a
pattern associated with heel height levels of the foot part.

17. The method of claim 12, wherein the output 1s an
optical signal, the optical signal including at least one of a
light signal, a light signal pattern, or information presented
on a display.

18. The method of claim 17, wherein one or more of the
optical, tactile and acoustic outputs are provided individu-
ally or 1n combination with each other.

19. The method of claim 12, wherein the output includes
different types of output for different heel height levels.

20. A method for adapting a heel height of a prosthetic
foot to a shoe, the prosthetic foot comprising a foot part, a
proximal connection member pivotally connected to the foot
part, an output device, a control device, a detector, and at
least one position sensor, and the shoe comprising an 1den-
tifier, the method comprising:

assigning a heel height marking to the shoe, the heel

height marking representing a value of a heel height of
the shoe;

assigning a position signal to the heel height marking;

automatically detecting, using the detector, the identifier;

identitying the shoe based on the identifier;

transmitting the value of the heel height of the shoe to the

control device:

comparing, with the control device, the heel height mark-

ing with detected position data from the at least one
position sensor;
automatically adjusting the prosthetic foot using an exter-
nal force until the position signal assigned to the heel
height marking matches with the detected position data;

locking the prosthetic foot 1n position when the position
signal assigned to the heel height marking matches with
the detected position data; and

emitting a confirmation signal with the output device

when the position signal assigned to the heel height
marking matches with the detected position data.
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